
AREAL DENSITY  VS. SYSTEM MASS
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1364 kg Payload

1591 kg payload

1818 kg Payload

Change in Areal Density of .01 kg/m2 => 
     Change in System Mass of ~400 - 500 kg

Change in Payload of 100 kg =>
     Change in System Mass of 130 - 180 kg



Temperature Change VS a/e
Spherical Balloon, Altitude 35 km
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Temperature change is linear with 
respect to change in a/e ratio

Change of 0.05 in a/e changes 
temperature by 3 to 4 K



Strength a/e Material Density
Hot Case Max, Cold Case Min

3000

3500

4000

4500

5000

5500

6000

6500

0.05 0.15 0.25 0.35a/e

S
tr

en
gt

h 
(N

/m
)

1364 kg, 34 gm/m^2
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Change in areal density by 17 gm/m^2 
changes strength requirement by ~9.5%

Change in payload mass by 227 kg 
changes strength requirement by 3% to 
4.5%

Change in a/e ratio by 0.05 changes 
strength requirement by 5.5% to 6.6%



Strength a/e Material Density
Hot Case Nom, Cold Case Nom
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1364 kg, 51gm/m^2
1591 kg, 51 gm/m^2
1818 kg, 51 gm/m^2
1364 kg, 68 gm/m^2

1591 kg, 68 gm/m^2
1818 kg, 68 gm/m^2

Change in areal density by 17 gm/m^2 
changes strength requirement by ~9.5%

Change in payload mass by 227 kg 
changes strength requirement by 3% to 
4.5%

Change in a/e ratio by 0.05 changes 
strength requirement by 5.5% to 6.6%



Stress vs. ∆P
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Payload = medium; areal density = low

Payload = medium; areal density = medium

Payload = medium; areal density = high



Stress vs. ∆P
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Payload = low; areal density = low
Payload = low; areal density = medium
Payload = low; areal density = high
Payload = medium; areal density = low
Payload = medium; areal density = medium
Payload = medium; areal density = high
Payload = high; areal density = low
Payload = high; areal density = medium
Payload = high; areal density = high

Change in Pressure of 10 Pa => 
     Change in Stress of 200 - 280 N/m over entire range

Change in Areal Density of .01kg/m2 => 
     Change in Stress of ~35 N/m at ∆P of 90 Pa, 
     ~60 N/m at ∆P of 180 Pa

Change in Payload of 100 kg =>
     Change in Stress of ~90 N/m at ∆P of 90 Pa, 
     ~180 N/m at ∆P of 180 Pa



Stress vs. Free Lift
(Th-T)/T = .12
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Payload = medium; areal density = low
Payload = medium; areal density = medium
Payload = medium; areal density = high



Stress vs. Free Lift
(Th-T)/T = .20
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Payload = low; areal density = low 
Payload = low, areal density = medium
Payload = low, areal density = high
Payload = medium; areal density = low
Payload = medium; areal density = medium
Payload = medium; areal density = high
Payload = high; areal density = low
Payload = high; areal density = medium
Payload = high; areal density = high

Change of 1% in Free Lift  => 
     Change in Stress of 100-150 N/m over entire range

Change in Areal Density of .01 kg/m2 => 
     Change in Stress of ~65 N/m at 10% Free Lift
     and ~80 N/m at 20% Free Lift

Change in Payload of 100 kg =>
     Change in Stress of ~150 N/m at 10% Free Lift
     and ~210 N/m at 20% Free Lift



Stress vs. Free Lift
(Th-T)/T = .12
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Payload = low; areal density = low
Payload = low; areal density = medium
Payload = low; areal density = high
Payload = medium; areal density = low
Payload = medium; areal density = medium
Payload = medium; areal density = high
Payload = high; areal density = low
Payload = high; areal density = medium
Payload = high; areal density = high

Change of 1% in Free Lift  => 
     Change in Stress of 100-120 N/m over entire range

Change in Areal Density of .01 kg/m2 => 
     Change in Stress of ~45 N/m at 10% Free Lift
     and ~55 N/m at 20% Free Lift

Change in Payload of 100 kg =>
     Change in Stress of ~110 N/m at 10% Free Lift
     and ~150 N/m at 20% Free Lift



Superheat VS α/ε
Spherical Balloon, Altitude 35 km
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Superheat change is linear with 
respect to change in a/e ratio

Change of 0.05 in a/e changes 
superheat by 3 to 4 K



Superheat Ratio VS α/ε
Spherical Balloon, Altitude 35 km
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Superheat ratio change is linear 
with respect to change in a/e ratio

Change of 0.05 in a/e changes 
superheat ratio by 1.5 to 2 %



Balloon Volume 
vs. Max. Altitude

Free Lift = 20%
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Balloon Volume 
vs. Max. Altitude

Free Lift = 20%
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Payload = low, areal density = low
Payload = low, areal density = medium
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Payload = medium, areal density = low
Payload = medium, areal density = medium
Payload = medium, areal density = high
Payload = high, areal density = low
Payload = high, areal density = medium
Payload = high, areal density = high

Change in Areal Density of .01 kg/m2 => 
     Change in Volume of ~50,000 m3 at Altitude  
     of 35000 m; ~250,000 - 420,000 m3 at 
     Altitude of 40,000 m

Change in Payload of 100 kg =>
     Change in Volume of ~15,000 m3 at   
     Altitude of 35,000 m; ~45,000 m3 at 
     Altitude of 40,000 m



Balloon Volume 
vs. Max. Altitude

Free Lift = 20%
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Change in Areal Density of .01 kg/m2 => 
     Change in Volume of ~50,000 m3 at Altitude  
     of 35000 m; ~250,000 - 420,000 m3 at 
     Altitude of 40,000 m

Change in Payload of 100 kg =>
     Change in Volume of ~15,000 m3 at   
     Altitude of 35,000 m; ~45,000 m3 at 
     Altitude of 40,000 m
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Actual vs. Normalized Temperatures
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Superheat of 0.12 is equivalent to at 28.4 K
     temperature increase during the day

Superheat of 0.20 is equivalent to at 47.3 K
     temperature increase during the day

Temperature Rise of 11.8 K for (Th-T)/T = 0.05

Temperature Rise of 23.6 K for (Th-T)/T = 0.10

Temperature Rise of 28.4 K for (Th-T)/T = 0.12

Temperature Rise of 47.3 K for (Th-T)/T = 0.20

Temperature Rise of 35.4 K for (Th-T)/T = 0.15


